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SCANNING EXPOSURE METHOD AND 
APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of application Ser. No. 
08/958,910 ?led Oct. 28, 1997, abandoned, Which is a 
division of application Ser. No. 08/565,863 ?led Dec. 1, 
1995, now US. Pat. No. 5,728,495. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a scanning exposure 
apparatus of the so-called slit scan method or step-and-scan 
method, or the like for continuously exposure-printing pat 
terns formed on a mask onto a photosensitive substrate by 
illuminating, for example, a rectangular or arcuate illumi 
nation area With exposure light and synchronously scanning 
the mask and photosensitive substrate relative to the illumi 
nation area. 

2. Related Background Art 
Projection exposure apparatus, Which are arranged to 

project (or expose) an image of patterns of a reticle as a mask 
through a projection optical system onto a Wafer (or glass 
plate, etc.) coated With a photoresist or the like, have been 
used heretofore in fabricating, e.g. semiconductor devices, 
liquid crystal displays, image pickup devices (CCDs etc.) 
and magnetic thin-?lm heads, by the photolithography tech 
niques. One of basic functions of such projection exposure 
apparatus is an exposure dose controlling function to main 
tain an exposure dose (integral exposure energy) at each 
point in each shot area of Wafer Within a proper range. 

Another demand these days is to further enhance the 
resolution of patterns printed on the Wafer. One of the 
techniques for enhancing the resolution is to decrease the 
Wavelength of exposure light. Concerning this, light sources 
that can emit light of short Wavelengths, among those 
presently available as an exposure light source, are laser 
light sources of the pulse oscillation type (pulsed light 
sources), for example excimer laser light sources such as a 
KrF excimer laser or an ArF excimer laser, metal vapor laser 
light sources, or YAG laser light sources. The pulsed light 
sources, hoWever, have different characteristics from light 
sources of a continuous emission type such as a mercury 
lamp: exposure energy (pulse energy) of pulsed light emitted 
from the pulsed light source is dispersed Within a certain 
range pulse by pulse. Thus, the dispersion in pulse energy 
needs to be taken into account for control of exposure dose 
in the use of the pulsed light source. 
When such a pulsed light source is applied to a projection 

exposure apparatus of a one-shot exposure type such as a 
stepper, a knoWn control of exposure dose is the so-called 
cut-off control, in Which a so-called integrator sensor is used 
for continuously monitoring the light amount of exposure 
light and in Which emission from the pulsed light source is 
repeated until a result of the measurement by the integrator 
sensor exceeds a speci?c, critical level determined by taking 
into account the dispersion in pulse energy With respect to a 
target exposure dose. Further, another knoWn control is the 
so-called pulse-by-pulse control, in Which the pulse energy 
is adjusted for every emission of pulse in accordance With 
the result of measurement by the integrator sensor. This 
pulse-by-pulse control can decrease a minimum number of 
exposure pulses per point on the Wafer to a number smaller 
than that in the cut-off control. 
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2 
Meanwhile, in recent years, the siZe of one chip of, e.g., 

a semiconductor device has increased and the projection 
exposure apparatus has been required to increase the expo 
sure area so as to project patterns With a larger area on the 
reticle onto the Wafer. HoWever, simply increasing an expo 
sure ?eld of projection optical system for that purpose Would 
result in increasing the production cost, because the projec 
tion optical system becomes complex in order to keep 
aberrations Within an acceptable range over the entire sur 
face of the Wide exposure ?eld, and Would result in increas 
ing the scale of the projection optical system, Which Would 
in turn increase the siZe of the entire apparatus too much. 
Thus, in order to meet the demand to increase the area of 
transferred patterns While not increasing the siZe of the 
exposure ?eld of projection optical system too much, a 
projection exposure apparatus of the so-called slit scan type, 
has been developed Which is arranged to continuously 
exposure-print the patterns on the reticle onto the Wafer by 
synchronously scanning the reticle and Wafer relative to an 
illumination area, for example, of a rectangular, arcuate, 
hexagonal, or another shape (hereinafter referred to as a “slit 
illumination area”). When exposures are effected on many of 
shot areas each by the slit scan method, a stepping method 
is employed for movement betWeen shot areas. The expo 
sure method of this type is thus called a step-and-scan 
method. 
The aforementioned cut-off control cannot be applied to 

the control of exposure dose in the projection exposure 
apparatus employing the above scanning exposure method 
and the pulsed light source, because exposure is continu 
ously performed. The pulse-by-pulse control requires a 
complex algorithm. Here is explained With an example of a 
so-called pulse count method for exposing all points on the 
Wafer With a same number of pulses, as the simplest control 
method of exposure dose in the case of the scanning expo 
sure method. In this pulse count method, an average of 
present pulse energy is measured before exposure, an energy 
modulator in an illumination optical system modulates an 
exposure dose of pulse energy, based on a result of the 
measurement, and then scanning exposure is effected so as 
to keep the number of irradiation pulses constant for every 
point on the Wafer. 
A precondition for the control of exposure dose in the 

conventional scanning exposure method as described above 
is that the average of pulse energy initially measured is 
invariant during scanning exposure. It is, hoWever, knoWn 
that the average of pulse energy of pulsed light output from 
the pulsed light source varies in the middle or long term, for 
example during a process of transfer from a certain shot area 
to a next shot area or during a process of transfer from a 
certain Wafer to a next Wafer, though the pulsed light source 
is normally stabiliZed by a stabiliZing method of emission 
energy by voltage control of high-voltage poWer supply. 

Accordingly, When the control of exposure dose by the 
pulse count method Was carried out in the projection expo 
sure apparatus of the scanning exposure type using the 
pulsed light source as an exposure light source, there Was a 
problem that a difference could be made in the average of 
exposure doses at respective points in a shot area betWeen 
shot areas or betWeen Wafers, thus leaving a possibility that 
some shot areas Were exposed by an exposure dose over a 
permissible dose. 

The above description concerned the cases using the 
pulsed light source. Similarly, even in the cases of perform 
ing exposure by the scanning exposure method using con 
tinuous light such as bright lines of the mercury lamp (the 
i-line etc.), the conventional control method had a possibility 



6,154,270 
3 

that a certain shot area on the Wafer Was exposed by an 
exposure dose exceeding the permissible dose because of a 
change in light amount of the continuous light. 

SUMMARY OF THE INVENTION 

Under the above circumstances, an object of the present 
invention is to provide a scanning exposure method Which 
can control the dispersion in integrated amounts of light at 
a loW level betWeen shot areas or betWeen Wafers and Which 
can readily keep integral exposure doses Within a proper 
range in effecting exposure by the scanning exposure 
method using either the pulsed light source or the continuous 
light source. Another object of the present invention is to 
provide a scanning exposure apparatus capable of carrying 
out such a scanning exposure method. 

A?rst scanning exposure method according to the present 
invention is a scanning exposure method to illuminate a 
mask With pulsed light and to synchronously scan the mask 
and a photosensitive substrate, thereby scan-exposing the 
photosensitive substrate With a pattern image of the mask, 
Which comprises: detecting energy amounts of pulses of the 
pulsed light illuminating the mask during the scanning 
exposure; successively calculating, for every unit number of 
pulses (i.e., for each emission of a predetermined number of 
light pulses), an integrated amount of light of the last N 
pulses (Where N is an integer more than one), based on the 
energy amounts thus detected; and adjusting an exposure 
dose on the photosensitive substrate in accordance With the 
sequence of integrated amounts of light thus calculated. 
A second scanning exposure method according to the 

present invention is a scanning exposure method to illumi 
nate a mask With continuous light and to synchronously scan 
the mask and a photosensitive substrate, thereby scan 
exposing the photosensitive substrate With a pattern image 
of the mask, Which comprises: detecting intensities or light 
amounts of the continuous light illuminating the mask 
during the scanning exposure; successively calculating, 
every lapse of a unit time or every movement of the mask or 
the photosensitive substrate by a unit distance, an integrated 
amount of light Within the last predetermined time, based on 
the intensities or light amounts thus detected; and adjusting 
an exposure dose on the photosensitive substrate in accor 
dance With a change in the sequence of integrated amounts 
of light thus calculated. 
A ?rst scanning exposure apparatus according to the 

present invention is a scanning exposure apparatus arranged 
to illuminate an illumination area of a predetermined shape 
With pulsed light from a pulsed light source for exposure and 
to synchronously scan a mask having a pattern for transfer 
and a photosensitive substrate relative to the illumination 
area, thereby exposing the pattern of the mask onto the 
photosensitive substrate, Which has an irradiation energy 
detector for successively detecting energy amounts of 
respective light pulses during scanning exposure; a calcu 
lator for successively calculating integrated amounts of light 
of the last predetermined N pulses (Where N is an integer 
more than one) at intervals of a unit number of pulses, using 
the results of detection by the irradiation energy detector; 
and an exposure dose controller for adjusting an exposure 
dose on the photosensitive substrate in accordance With a 
change in the sequence of integrated amounts of light 
calculated by the calculator. 

In this case, an example of the exposure dose controller 
adjusts the exposure dose on the photosensitive substrate 
While the pattern of the mask is continuously printed (or 
exposed) on one shot area on the photosensitive substrate by 
the scanning exposure method. 
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4 
Another example of the exposure dose controller adjusts 

the exposure dose on the photosensitive substrate in accor 
dance With a change in the integrated amounts of light of the 
last pulses every exposure of the pattern of the mask on one 
shot area or every exposure thereof on plural shot areas on 
the photosensitive substrate by the scanning exposure 
method. 
A further example of the exposure dose controller may be 

arranged to ?nely adjust the pulse energy of each light pulse 
from the pulsed light source. 

Another example of the exposure dose controller is one 
for adjusting a number of irradiation pulses projected onto 
each of points on the photosensitive substrate While each of 
the points on the photosensitive substrate traverses an expo 
sure area illuminated by the pulsed light in a scan direction, 
for example by changing a scan speed. 

Further, the calculator is preferably arranged to calculate 
the integrated amounts of light under such conditions that 
the unit pulse number is one and that a number of pulses 
necessary for supplying a proper exposure dose to the 
photosensitive substrate is N. 
A second scanning exposure apparatus according to the 

present invention is a scanning exposure apparatus arranged 
to illuminate a mask With continuous light and to synchro 
nously scan the mask and a photosensitive substrate, thereby 
scan-exposing the photosensitive substrate With a pattern 
image of the mask, Which comprises: a detector for detecting 
intensities or light amounts of the continuous light illumi 
nating the mask; a calculator for successively calculating 
integrated amounts of light in the last predetermined time at 
intervals of unit times or every movement of the mask or the 
photosensitive substrate by a unit distance, based on the 
results of detection by the detector; and an exposure dose 
controller for adjusting an exposure dose on the photosen 
sitive substrate in accordance With a change in the sequence 
of integrated amounts of light calculated by the calculator. 

In this case, the calculator may be arranged to calculate 
the integrated amounts of light under such a condition that 
the predetermined time is de?ned as a time in Which a 
predetermined point on the photosensitive substrate 
traverses the projection area of the pattern image of the mask 
in the scan direction. 

For example, supposing the irradiation pulse number of 
light pulses at each point on the photosensitive substrate is 
N, the ?rst scanning exposure method (or ?rst scanning 
exposure apparatus) of the present invention as described 
above can detect an integrated exposure dose at each point 
on the photosensitive substrate, for example, by calculating 
an integrated amount of light of the last N pulses by the 
calculator. Strictly speaking, a small difference could arise 
betWeen an integrated value of light amount detected for 
example by the irradiation energy detector and actual inte 
gral exposure energy on the photosensitive substrate because 
of the state of intensity distribution of illumination light on 
the photosensitive substrate etc., but the integrated value can 
be approximately regarded as actual integral exposure 
energy. 

In the present invention, the exposure dose controller thus 
adjusts the exposure dose on the photosensitive substrate 
during exposure on each shot area, during transfer from a 
certain shot area to a next shot area, or every irradiation of 
a light pulse so that an integrated exposure dose obtained by 
multiplying an integrated amount of light thus calculated, 
for example, by a factor preliminarily obtained becomes 
equal to a predetermined proper exposure dose. If based on 
an immediately preceding integrated exposure dose calcu 
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lated or an average of integrated exposure doses in shot areas 
up to immediately preceding exposure, for example stability 
of integrated exposure doses exceeds a permissible range, an 
error amount (correction amount) of integrated exposure 
dose is calculated before irradiation of a next light pulse or 
before exposure of a next shot area, respectively, and the 
exposure dose of a light pulse is adjusted thereby, for 
performing exposure; or, for example the scan speed is 
changed to adjust the number of irradiation pulses at each 
point on the photosensitive substrate, for performing expo 
sure. This can decrease the dispersion in integrated exposure 
doses betWeen shot areas or betWeen photosensitive 
substrates, Whereby the integrated exposure doses can 
readily be kept Within a proper range. 

In this case, the unit pulse number can be arbitrarily 
determined, but the highest accuracy of the exposure dose 
control can be attained When the unit pulse number is one. 

Next, because the second scanning exposure method (or 
the second scanning exposure apparatus) of the present 
invention uses continuous light as illumination light, the 
light amounts (or intensities) of the illumination light are 
continuously detected by the detector, for example such as 
a photoelectric detector. Then a change of actual integrated 
exposure doses on the photosensitive substrate can be accu 
rately estimated by successively obtaining an integrated 
amount of light in the last predetermined time (for example, 
the exposure time at each point on the photosensitive 
substrate) every lapse of a predetermined unit time (for 
example, about a time necessary for calculation of an 
integrated amount of light). Then, the exposure dose on the 
photosensitive substrate is adjusted through the exposure 
dose controller, for example through a variable reducer of 
illumination light or a control system of scan velocities of 
the mask and photosensitive substrate, during exposure in 
each shot area or during transfer from a certain shot area to 
a next shot area so that the integrated exposure doses thus 
estimated become equal to the predetermined proper expo 
sure dose. This can decrease the dispersion in the integrated 
exposure doses betWeen shot areas or betWeen photosensi 
tive substrates, Whereby the integrated exposure doses can 
readily be kept Within a proper range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a structural draWing, partly in cross section, to 
shoW a projection exposure apparatus of the step-and-scan 
method as an embodiment of the present invention; 

FIGS. 2A and 2B are draWings to shoW illuminance 
distributions in the scan direction, of a slit exposure area on 
the Wafer; 

FIG. 3 is a draWing to shoW a relation betWeen control 
amount and ?ne adjustment amount TF in a ?ne energy 
adjuster 3B in FIG. 1; 

FIG. 4 is comprised of FIGS. 4A and 4B shoWing a 
?oWchart illustrating an example of exposure operation in 
the embodiment; 

FIG. 5 is a draWing to shoW a sequence of integrated 
exposure doses measured during exposure in a certain shot 
area on the Wafer in the embodiment; and 

FIG. 6 is a draWing to shoW a distribution of integrated 
exposure doses Where the pulse energy from the pulsed light 
source is scattered in a Gaussian distribution. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An embodiment of the present invention Will be explained 
by reference to the draWings. The present embodiment is an 
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6 
example in Which the present invention is applied to a 
projection exposure apparatus of the step-and-scan method 
having an exposure light source of the pulse oscillation type 
as a light source. 

FIG. 1 shoWs the projection exposure apparatus of the 
present embodiment. In FIG. 1, a laser beam emitted from 
a pulsed light source 1 of the pulse oscillation type is shaped 
by a beam shaping optical system 2 comprised of a cylinder 
lens or a beam expander, etc. to have such a beam cross 
section that the beam can ef?ciently enter a succeeding 
?y-eye lens 4. An excimer laser light source, for example the 
KrF excimer laser (Wavelength 248 nm) or the ArF excimer 
laser (Wavelength 193 nm), is used as the pulsed light source 
1. 

The laser beam IL emitted from the beam shaping optical 
system 2 is successively incident to a rough energy adjuster 
3A for rough adjustment of laser beam energy and a ?ne 
energy adjuster 3B for ?ne adjustment of laser beam energy. 
The rough energy adjuster 3A is arranged in such a manner 
that a plurality of optical ?lter plates (among Which only tWo 
optical ?lter plates 32A and 32D are shoWn in FIG. 1) With 
different transmittances are arranged around a rotary plate 
31 and that the rotary plate 31 is rotated by a drive motor 33. 
Rotating the rotary plate 31 can change the transmittances 
for the laser beam IL incident thereto one from another in 
plural steps. The detailed structure of the rough energy 
adjuster 3A is disclosed for example in US. Pat. No. 
4,970,546. Here, a transmittance obtained by dividing a light 
amount of the laser beam emerging from the rough energy 
adjuster 3A by a light amount of the laser beam incident 
thereto Will be called as a rough adjustment amount TR in the 
rough energy adjuster 3A. 

Further, the ?ne energy adjuster 3B is composed of, for 
example, tWo diffraction gratings arranged as relatively 
movable (double grating method) as disclosed in US. Pat. 
No. 5,191,374. The ?ne energy adjuster 3B is arranged in 
such a manner that a ratio of emergent light amount to 
incident light amount (transmittance) can be continuously 
changed Within a predetermined range by slightly changing 
relative positions of the tWo diffraction gratings. Another 
construction of the ?ne energy adjuster 3B may be one 
composed of, for example, tWo optical ?lter plates the 
transmittance of Which can be ?nely adjusted according to 
respective angles of incidence of light thereto, and a drive 
unit for adjusting a crossing angle betWeen the tWo optical 
?lter plates Within a predetermined range, Whereby the 
transmittance for the laser beam incident thereto can be 
?nely adjusted Within the predetermined range by adjusting 
the crossing angle betWeen the tWo optical ?lter plates. 
Another example of the ?ne energy adjuster 3B may be an 
acousto-optic modulator utiliZing the Raman-Nath diffrac 
tion (Debye-Sears effect), Whereby the amount of transmit 
ted light can be continuously changed by controlling a state 
of modulation in the acousto-optic modulator. 

Another example of the ?ne energy adjuster 3B may be 
one for adjusting an applying voltage (or a charging voltage) 
to the pulsed light source 1 so as to change the pulse energy 
supplied from the light source, as disclosed for example in 
US. Pat. No. 5,191,374. 
A straight line 36 in FIG. 3 represents a relation betWeen 

control amount from the outside over the drive unit in the 
?ne energy adjuster 3B, and change amount of transmit 
tance. In FIG. 3, a transmittance obtained by dividing a light 
amount of the emerging laser beam by a light amount of the 
incident laser beam is de?ned as a ?ne adjustment amount 
TF. In this example, an adjustment range of the ?ne adjust 
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ment amount TF is a continuous range of from a predeter 
mined minimum value Tmin to a predetermined maximum 
value Tmax, and, by setting the control amount over the 
internal drive unit to the median (intermediate point), the 
?ne adjustment amount TF is adjusted to be the median TO 
betWeen the minimum value Tmin and the maximum value 
Tmax. Further, Whenever the ?ne energy adjuster 3B is reset, 
the control amount is set to the intermediate point, Whereby 
the ?ne adjustment amount TF is set to the median To. 

The laser beam IL emerging from the ?ne energy adjuster 
3B is incident to the ?y-eye lens 4. The ?y-eye lens 4 forms 
secondary light sources (a lot of light source images) for 
illuminating succeeding ?eld stop 8 and reticle R in a 
uniform illuminance distribution. An aperture stop 5 of the 
illumination system is placed on the exit plane side of 
?y-eye lens 4 in the vicinity thereof, and the laser beam 
emerging from the secondary light sources inside the aper 
ture stop 5 is incident to a beam splitter 6 With loW 
re?ectivity but high transmittance. The laser beam passing 
through the beam splitter 6 advances through a ?rst relay 
lens 7A and then passes through an aperture in the ?eld stop 
(?xed reticle blind) 8. The ?eld stop 8 in the present 
embodiment is located at a position slightly defocused from 
the conjugate plane With the pattern surface of reticle, and 
the shape of the aperture in the ?eld stop 8 is rectangular. 

The laser beam passing through the ?eld stop 8 then 
travels via a second relay lens 7B, a path-bending mirror 9, 
and a main condenser lens 10 to illuminate the reticle R on 
a reticle stage 11 in a uniform illuminance distribution. In 
this case, because the plane Where the ?eld stop 8 is placed 
is defocused from the conjugate plane With the pattern 
surface of the reticle R, the laser beam impinges upon an 
illumination area 24 of a rectangular slit shape on the reticle 
R, Which is an image With unfocused edges of the aperture 
in the ?eld stop 8. In this case, the Width of the illumination 
area 24 in the scan directions can be adjusted by changing 
the shape of the aperture in the ?eld stop 8 through a drive 
unit (not shoWn). 
An image of a pattern in the illumination area 24 on the 

reticle R is projection-printed through a projection optical 
system 15 on the Wafer W. An area conjugate With the slit 
illumination area 24 With respect to the projection optical 
system 15 is de?ned as a slit exposure area 24W. Further, the 
Z-axis is taken in parallel With the optical axis of the 
projection optical system 15, the X-direction is taken along 
the scan directions (i.e., directions parallel to the plane of 
FIG. 1) of the reticle R relative to the slit illumination area 
24 in a plane normal to the optical axis, and the Y-direction 
along a non-scan direction normal to the scan directions. 
According to this convention, the reticle stage 11 is scanned 
in the X-direction by a reticle stage drive unit 12. The reticle 
stage drive unit 12 is under control of a main control system 
13 for generally controlling the operation of the entire 
apparatus. A length measuring device (laser interferometer 
etc.) for detecting an X-directional coordinate of the reticle 
stage 11 is incorporated in the reticle stage drive unit 12, and 
the X-coordinate of the reticle stage 11 measured thereby is 
supplied to the main control system 13. 

The Wafer W is mounted through a Wafer holder 16 on an 
XY stage 17 arranged as movable at least in the X-direction 
(rightWard or leftWard on the plane of FIG. 1). Although not 
shoWn, a Z stage etc. for positioning the Wafer W in the 
Z-direction is provided betWeen the XY stage 17 and the 
Wafer holder 16. During scanning exposure, the reticle R is 
scanned at a velocity vR in the +X-direction (or in the 
—X-direction) While the Wafer W is scanned by the XY stage 
17 at a velocity [3-vR in the —X-direction (or in the 
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8 
+X-direction) relative to the exposure area (projection area 
of the pattern image of reticle) 24W in synchroniZation With 
the scanning of reticle R, Where [3 is a projection magni? 
cation of the projection optical system 15 from the reticle R 
to the Wafer W. The main control system 13 controls the 
operation of the XY stage 17 by a Wafer stage drive unit 18. 
A length measuring device (laser interferometer etc.) for 
detecting X-directional and Y-directional coordinates of the 
XY stage 17 is incorporated in the Wafer stage drive unit 18, 
and the X-coordinate and Y-coordinate of the XY stage 17 
measured thereby are supplied to the main control system 
13. 

Here is explained an illumination distribution in the scan 
direction (X-direction), of the slit exposure area 24W on the 
Wafer W. A trapeZoid distribution curve 39 in FIG. 2A 
represents illuminances I(X) at positions X in the scan 
direction, of the exposure area 24W. In FIG. 2A, a Width D 
in the scan direction betWeen tWo points Where a value of 
illuminance I(X) becomes the half of the maximum Will be 
called as a Width in the scan direction, of the exposure area 
24W (hereinafter also referred to as a “slit Width”). In this 
case, because —X-directional edge 39a and +X-directional 
edge 39b of the distribution curve 39 are symmetric, the 
illuminance distribution of the exposure area 24W on the 
Wafer W is substantially equivalent to a rectangular distri 
bution With the Width D in the scan direction, as shoWn in 
FIG. 2B. 

Returning to FIG. 1, the laser beam re?ected by the beam 
splitter 6 is received through a condenser lens 19 by an 
integrator sensor 20 comprised of a photoelectric conversion 
element, and a photoelectric conversion signal from the 
integrator sensor 20 is supplied to a calculator 14 through an 
ampli?er and an analog-to-digital converter not shoWn. A 
speci?c example of the integrator sensor 20 is a pin photo 
diode being sensitive in the far-ultraviolet region and having 
high response frequencies for detecting the pulsed light from 
the pulsed light source 1. Arelation is preliminarily obtained 
betWeen the photoelectric conversion signal from the inte 
grator sensor 20 and the illuminance of the pulsed light on 
the exposure surface of Wafer W. Namely, the photoelectric 
conversion signal from the integrator sensor 20 is prelimi 
narily calibrated. 

Based on the photoelectric conversion signal from the 
integrator sensor 20, the calculator 14 measures the disper 
sion in light amounts of light pulses output from the pulsed 
light source 1, and it integrates the photoelectric conversion 
signal for every light pulse to successively calculate inte 
grated exposure doses at respective points on the Wafer W 
and then to supply them to the main control system 13. 
The main control system 13 supplies an emission trigger 

signal TP through a trigger controller 21 to the pulsed light 
source 1, thereby controlling timing of light emission of the 
pulsed light source 1. Concerning this, a beam splitter 25 
With high transmittance but loW re?ectivity is located on the 
optical path of the laser beam betWeen the pulsed light 
source 1 and the beam shaping optical system 2, and the 
laser beam re?ected by the beam splitter 25 is received by 
an energy monitor 26 comprised of a photoelectric conver 
sion element. A photoelectric conversion signal from the 
energy monitor 26 is supplied to the main control system 13 
through an ampli?er and an analog-to-digital converter not 
shoWn, and the main control system 13 measures output 
poWer from the pulsed light source 1, based on the photo 
electric conversion signal from the energy monitor 26, and 
adjusts the output poWer from the pulsed light source 1 When 
necessary. 

Further, the main control system 13 controls the trans 
mittance for the laser beam IL by rotating a rotary motor 33 
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in the pough energy adjuster 3A or by driving the drive unit 
35 in the ?ne energy adjuster 3B to effect control of exposure 
dose. An operator can input pattern information of reticle R 
etc. through an I/O device 22 to the main control system 13, 
and the main control system 13 is provided With a memory 
23 for storing various information. 
An example of the exposure operation in the present 

embodiment is next explained referring to the ?oWchart of 
FIGS. 4A and 4B. The exposure dose control of the present 
embodiment is carried out in the pulse count method in each 
shot area and is arranged to effect a predetermined energy 
change betWeen exposures of shot areas. First at step 101 in 
FIG. 4A, the operator manipulates the I/O device 22 in FIG. 
1 to set in the main control system 13, for example coordi 
nates of centers (exposure positions) of many shot areas as 
exposed objects on the Wafer W, a moving distance (scan 
length) L in the scan direction, of the Wafer W upon 
performing exposure in each shot area, and a target inte 
grated exposure dose SO [mJ/cm2] to be supplied per point 
on the Wafer W. Next, at step 102 the main control system 
13, for example, drives the XY stage 17 to make the pulsed 
light source 1 emit light in such a state that the Wafer W is 
WithdraWn (or in such a state that a shutter is disposed 
betWeen the beam splitter 6 and the Wafer W and is closed), 
monitors energy of the laser beam of plural output pulses 
through the integrator sensor 20, and obtains an average of 
energy for each pulse (average pulse energy) <P> of the 
current laser beam IL. On this occasion, it is also possible to 
obtain a ratio 6P/<P>, Which is a ratio of a threefold (30) 
value (dispersion) 6P of a standard deviation a of pulse 
energy of the laser beam IL to the average <P>. 
Subsequently, a number N of exposure pulses for irradiation 
at a point on the Wafer is calculated according to the 
folloWing equation. 

Here, the function int(a) is an integral part of real number 
a, that is, a maximum integer not exceeding the real number 
a. Next obtained based on the ratio 6P/<P> of the dispersion 
6P (the value of 30) of pulse energy, for example Which is 
preliminarily measured and set as a device constant, to the 
average <P>, is a minimum exposure pulse number Nmin 
necessary for controlling the dispersion in integrated expo 
sure doses in each shot area on the Wafer Within a prede 
termined permissible value. The operation may also be 
arranged so that the minimum exposure pulse number Nmin 
necessary for controlling the dispersion in integrated expo 
sure doses in each shot area on the Wafer Within the 
predetermined permissible value is obtained based on the 
ratio 6P/<P> in pulse energy of the laser beam, measured at 
step 102. Then it is determined Whether the exposure pulse 
number N obtained by Equation (1) is not less than the 
minimum exposure pulse number Nmin (step 103). On this 
occasion, if N<Nmin, the How goes to step 104 to increase a 
reduction rate of light in the rough energy adjuster 3A in 
FIG. 1 so as to satisfy NiNml-n, and then returns to step 102. 
After that, When at step 103 the exposure pulse number N 
becomes not less than the minimum exposure pulse number 
Nmin, the How goes to step 105. 

In the method of successive exposures With light pulses 
from a pulsed light source 1 as in the present embodiment, 
a distribution of integrated exposure dose S per point on the 
Wafer becomes a normal distribution With the average of 
N<P>(=Sav€) and the 30 value of N1/2~6P, as shoWn by a 
distribution function f(S) in FIG. 6. Letting Amp be dosage 
repeatability (30) of integrated exposure dose necessary at 
each point on the Wafer, the minimum exposure pulse 
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10 
number Nmin necessary for keeping the dosage repeatability 
(30) of integrated exposure dose of plural pulses Within Amp 
is determined so as to satisfy the folloWing condition. 

Further, the average N<P> of integrated exposure doses at 
respective points on the Wafer needs to drop Within the range 
of a predetermined target dose accuracy Amrget With respect 
to a target integrated exposure dose SO set. Namely, the 
folloWing condition needs to hold. 

Then it is determined at step 105 Whether the condition (3) 
is satis?ed. If the condition (3) is not satis?ed, the main 
control system 13 adjusts the value of average pulse energy 
<P> by setting the ?ne adjustment amount T in the ?ne 
energy adjuster 3B in FIG. 1 to the one expressed by the 
folloWing equation (step 106). 

target 

The ?ne adjustment amount (transmittance) T in the ?ne 
energy adjuster 3B changes betWeen the minimum value 
Tmin and the maximum value Tmwc, as already explained 
referring to FIG. 3, and the maximum value Tmax and 
minimum value Tmin can be expressed as folloWs using the 
minimum exposure pulse number Nmi and target dose n 

accuracy A, as described above. arget 

mm (5 B) 

The value of ?ne adjustment amount T is set to (Tmax+ 
Tmin)/2, or T0 in the initial state or upon reset. 

Next, if the condition of Equation (3) is satis?ed at step 
105 or after step 106 is executed, the main control system 13 
moves to step 107 to set the scan velocity vW in the 
X-direction by the XY stage 17 in the Wafer stage in FIG. 1 
to the folloWing value. 

In this equation, D denotes the Width in the scan direction, 
of the exposure area 24W as explained With FIG. 2A and f 
a frequency of the pulsed light from the pulsed light source 
1. Using the projection magni?cation [3 (Where [3 is for 
example 1/5, 1A1, etc.) of the projection optical system 15 from 
the reticle R to the Wafer W, the scan velocity VR in the 
X-direction, of the reticle stage 11 is given by —(1/[3)(D/N)f. 
The above processing completes the initial setting, and 

then at step 108 the main control system 13 executes 
exposure of the pattern image of reticle R in a designated 
shot area on the Wafer W by the scanning exposure method 
With the exposure dose thus set. During this scanning 
exposure the calculator 14 calculates, through the integrator 
sensor 20, integrated exposure doses on the outstanding shot 
area on the Wafer W With the laser beam IL from the pulsed 
light source 1. In this case, because the number of exposure 
pulses for one point on the Wafer W is N, the calculator 14 
successively calculates the integrated exposure doses S by 
integrating the pulsed photoelectric conversion signal from 
the integrator sensor 20 N pulses each M times (Where M is 
an integer more than one) While the outstanding shot area on 
the Wafer W is scanned relative to the exposure area 24W in 
FIG. 1. This can obtain integrated exposure doses S]- at M 
positions X]- (j=1 to M) arranged approximately at equal 
intervals in the X-direction on the Wafer W. 
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In more detail, assuming that p1, p2, p3, . . . are exposure 

doses of respective pulses in the laser beam IL on the Wafer 
W (results measured indirectly through the integrator sensor 
20), the calculator 14 calculates the integrated exposure 
doses S]- by successively integrating N exposure doses of 
from the j-th exposure dose p]- to the (N+j—1)-th exposure 
dose pN+]-_1. More speci?cally, the integrated exposure doses 

FIG. 5 shoWs the integrated exposure doses S calculated 
for respective points in the X-direction Within a shot area on 
the Wafer W. In FIG. 5, line 37 represents the integrated 
exposure doses S]- calculated by the calculator 14 for the 
positions X]-(j=1 to M) on the Wafer W. A dotted line 
represents the target integrated exposure dose SO. Next at 
step 109, the calculator 14 calculates the average Sm of the 
M integrated exposure doses S]- and average pulse energy 
<P‘> in the exposure by the folloWing equations, and then 
supplies results of these calculations to the main control 
system 13. 

Next, at step 110 the main control system 13 compares the 
above target dose accuracy Amge, With an error of target 
value |(Sm/S0)—1|, Which is an error of the average Sm of 
actually integrated exposure doses in the shot area exposed, 
With respect to the target integrated exposure dose SO. If the 
folloWing condition holds or if the target value error exceeds 
the target dose accuracy Amrget, the main control system 13 
proceeds to step 111 to calculate a necessary correction 
amount of exposure dose. 

target 

More speci?cally, at step 111 the main control system 13 
sets a correction amount Tadd, Which is a value obtained by 
dividing an exposure dose after corrected, of each pulse in 
the laser beam IL by a current exposure dose, to the one as 
expressed by the folloWing equation. 

ndfsasm <11) 

In this case, the memory 23 stores as information on the 
previous shot area the values of the rough adjustment 
amount (transmittance) TR of exposure dose in the rough 
energy adjuster 3A and the ?ne adjustment amount TF of 
light amount in the ?ne energy adjuster 3B for the shot area 
having been exposed. Then the main control system 13 
checks at step 112 Whether a value obtained by multiplying 
the ?ne adjustment amount TF of the ?ne energy adjuster 3B 
by the correction amount Tadd is Within the control range of 
the ?ne energy adjuster 3B, as expressed beloW. 

Tmin é Tadd'TF<Tmax (12) 

When condition (12) holds, the main control system 13 
changes the ?ne adjustment amount TF of ?ne energy 
adjuster 3B to Tadd~TF(=TF‘) (step 113), and thereafter 
determines Whether there remains a shot area to be exposed 
(step 114). If there is a remaining shot area to be exposed the 
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main control system 13 proceeds to step 108 to execute 
exposure in a next shot area by the scanning exposure 
method With the ?ne adjustment amount TF‘ of ?ne energy 
adjuster 3B neWly set. On this occasion, integrated exposure 
doses become close to the target integrated exposure dose 
SO, because the exposure doses are corrected based on the 
actually integrated exposure doses in the immediately pre 
ceding shot area. 

If at step 110 the target value error |(Sm/SO)—1| is not more 
than the target dose accuracy Amrget, there is no need to 
change the exposure condition and thus, the How goes 
directly to step 114 to execute exposure in the next shot area. 
This exposure step is ended When all shot areas to be 
exposed have been exposed. 

If at step 112 the product of the ?ne adjustment amount TF 
and the correction amount Tadd is out of the range of 
condition (12), the main control system 13 proceeds to step 
115 to set the exposure pulse number N per point on the 
Wafer W to N‘ de?ned by the folloWing equation under the 
precondition that the scan velocity of the Wafer stage is 
changed (and the scan velocity of the reticle stage 11 is also 
changed at the same time). The average pulse energy <P‘> is 
the actual average pulse energy obtained by Equation 

(13) 

Here, cint(a) is an integer closest to real number a, that is, 
an integer obtained by rounding the tenth’s place of real 
number a. At next step 116, it is determined Whether the 
exposure pulse number N‘ after corrected is not less than the 
necessary minimum exposure pulse number Nmin. If N‘ is 
smaller than Nmin, the ?ne energy adjuster 3B is reset at step 
117 to set the ?ne adjustment amount TF to the median To. 
Thereafter, the ?ow returns to step 104 to adjust the rough 
adjustment amount of the rough energy adjuster 3A so as to 
satisfy N‘>Nmin, and then returns to step 102. 

If N‘>Nmin is satis?ed at step 116, the main control system 
13 proceeds to step 118 to compare the above target dose 
accuracy Amrget With an error of target value |(N‘~<P‘>/SO)— 
1|, Which is an error of an integrated exposure dose N‘~<P‘> 
expected after correction With respect to the target integrated 
exposure dose So. If the folloWing condition holds or if the 
target value error exceeds the target dose accuracy Amrget, 
the main control system 13 proceeds to step 119 to calculate 
a necessary correction amount of exposure dose. 

m rget 

Speci?cally, at step 119 the ?ne adjustment amount TF in 
the ?ne energy adjuster 3B is changed to TF‘ beloW de?ned. 

Then at step 120 the main control system 13 changes the 
scan velocity vW of the XY stage 17 in the Wafer stage to vW‘ 
de?ned by the folloWing equation (and the scan velocity of 
the reticle stage 11 is also changed at the same time). After 
that, the operation proceeds to step 114 to execute exposure 
in a next shot area. 

If at step 118 the target error |(N‘~<P‘>/S0)—1| expected is 
not more than the target dose accuracy Amrget, the operation 
transfers directly to step 120 Without changing setting of the 
?ne energy adjuster 3B, to change the scan velocity vW of 
the Wafer stage to vW‘ of Equation (16), and thereafter 
exposure is executed in the next shot area. 
As described above, the operation of the present embodi 

ment as shoWn in FIGS. 4A and 4B is arranged to repeat, 
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between exposures in respective shot areas, the control of 
exposure dose to correct the rough adjustment amount TR in 
the rough energy adjuster 3A, the ?ne adjustment amount TF 
in the ?ne energy adjuster 3B, or the scan velocity vW of the 
Wafer stage (or the both of ?ne adjustment amount TF and 
scan velocity vW), based on the integrated exposure doses 
measured in the immediately previous shot area exposed, as 
shoWn in steps 109 to 120 (except for step 117). 
Accordingly, the integrated exposure doses in respective 
shot areas become accurately close to the target integrated 
exposure dose. Then this exposure dose control is repeated 
until the measurement of average pulse energy of the laser 
beam from the pulsed light source 1 is actually carried out 
next time as shoWn at step 102 (Which Will be called “energy 
check”). HoWever, though the energy check is carried out at 
step 102 on the occasion of changing the rough adjustment 
amount TR in the rough energy adjuster 3A as indicated at 
step 117, a frequency of changing the rough adjustment 
amount TR in the rough energy adjuster 3A is considerably 
loW betWeen exposures in shot areas. 

The above energy check is normally carried out at inter 
vals of exchanges of Wafers or at intervals of exchanges of 
lots of Wafers. Accordingly, the energy check does not need 
to normally be carried out for example during exposure in a 
Wafer, and thus, the throughput of the exposure step (the 
number of processed Wafers per unit time) is maintained 
high. 

Step 109 as described above is arranged to calculate the 
average Sm of all M integrated exposure doses S]- (j=1 to M) 
shoWn in FIG. 5 by Equation (8), but instead thereof, the 
average may be replaced by an average S ‘ of the last m 
(m<M) integrated exposure doses Sf. 

rst 

By this, the exposure dose control can be carried out in 
response to a shorter-term output change of the pulsed light 
source 1. 

Further, the embodiment as described above uses the 
rough energy adjuster 3A and ?ne energy adjuster 3B as 
modulators for pulse energy, but the pulsed light source 1 
itself may be modi?ed as an energy modulator by controlling 
the electric poWer (or applied voltage) of the pulsed light 
source 1, for example. In this case, the utility factor of 
energy can be improved as a Whole, because there is no 
energy loss of (1—TO) based on the ?ne adjustment amount 
(transmittance) T0 in the initial state of the ?ne energy 
adjuster 3B, for example. 

The embodiment of FIGS. 4A and 4B is arranged to 
correct the exposure dose When the average Sm of integrated 
exposure doses exceeds the permissible value, as shoWn at 
steps 110 and 111, but another possible arrangement is such 
that even if the average Sm is Within the permissible value, 
data on average Sm is stored continuously for exposure in 
each shot area and that if the average Sm has an increasing 
or decreasing tendency, the exposure dose is preliminarily 
corrected before the average Sm actually exceeds the per 
missible value. This predictive control has an advantage of 
decreasing the number of shot areas integrated exposure 
doses of Which become out of the permissible value. 

Further, the embodiment as described above is arranged to 
change the exposure dose through the ?ne energy adjuster 
3B etc. betWeen exposures in respective shot areas, but the 
exposure dose may be modi?ed through the ?ne energy 
adjuster 3B etc. based on the last partial integrated exposure 
doses during each pulse exposure. This can make the inte 
grated exposure dose in each shot area more accurately close 
to the target integrated exposure dose. 
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14 
The above embodiment uses the pulsed light source as an 

exposure light source, but a continuous light source, for 
example such as a mercury lamp, may be used as an 
exposure light source. For example, if the continuous light 
source (for example, a mercury lamp) is used in place of the 
pulsed light source 1, as in US. Pat. No. 5,194,893, inten 
sities (or light amounts) of the continuous light illuminating 
the reticle R are continuously detected during scanning 
exposure by the integrator sensor 20, and photoelectric 
conversion signals output from the integrator sensor 20 are 
taken at a predetermined high sampling frequency through a 
sample/hold circuit and an analog-to-digital converter into 
the calculator 14. Letting "up be a time necessary for calcu 
lation of integrated light amount in the calculator 14 or a 
time necessary for the reticle R (or Wafer W) to move by 
about a detection resolution (for example about 0.01 pm) of 
the interferometer 12 (or interferometer 18) during scanning 
exposure, the time "up is taken as a unit time. Further, letting 
"up be a time (exposure time) for each point on the Wafer W 
to traverse the slit exposure area 24W, the calculator 14 
calculates an integrated value (integrated light amount) of 
photoelectric conversion signals in the last time Tp for every 
unit time "up (at time intervals 'cp). 

Further, the calculator 14 successively calculates inte 
grated exposure doses heretofore on the Wafer W at time 
intervals "up by multiplying the integrated values by a factor 
preliminarily obtained. Then the main control system 13 
controls the exposure dose on the Wafer W for example 
through the ?ne energy adjuster 3B etc. so that the sequence 
of integrated exposure doses thus obtained at time intervals 
"up become closer to a proper exposure dose. In this case, 
even using the continuous light, the actual integrated expo 
sure doses at respective points on the Wafer W can be 
obtained almost exactly, because the integrated exposure 
doses are obtained by successively integrating the photo 
electric conversion signals from the integrator sensor 20 for 
actual exposure time. Accordingly, the exposure dose con 
trol can be carried out on an accurate basis. 

Instead of obtaining the integrated values of photoelectric 
conversion signals at intervals of unit times "up, an integrated 
value of photoelectric conversion signals may be succes 
sively obtained Within the last time Tp every movement of 
the reticle R or Wafer W by a unit distance. The unit distance 
in this case may be set to about the detection resolution of 
the interferometers 12, 18, for example. 
The above embodiment is an example in Which the 

present invention is applied to the projection exposure 
apparatus of the scanning exposure type provided With the 
projection optical system consisting of a refracting system, 
but in addition thereto, the present invention can also be 
applied, for example, to scanning exposure apparatus includ 
ing projection exposure apparatus provided With a catadiop 
tric projection optical system, exposure apparatus of the 
proximity method, exposure apparatus of the contact 
method, etc. As explained, the present invention may 
include a variety of arrangements Within a scope not depart 
ing from the essence of the present invention. 

According to the ?rst scanning exposure method or the 
?rst scanning exposure apparatus of the present invention, 
the integrated exposure doses are obtained by successively 
integrating the last N pulses for every irradiation of pulsed 
illumination light and a change in the sequence of integrated 
exposure doses is fed back to adjust the exposure dose on the 
photosensitive substrate, for example, by adjusting the trans 
mittance for the pulsed illumination light (energy 
modulation) or adjusting the scan velocity. Accordingly, 
even With an output change of the pulsed light source in 
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performing exposure by the scanning exposure method 
using the pulsed light source, the dispersion in integrated 
exposure doses becomes less, for example betWeen shot 
areas or betWeen photosensitive substrates (Wafers etc.), thus 
presenting an advantage that the integrated exposure doses 
can be readily maintained Within the proper range. 

Since the control is carried out based on the integrated 
exposure doses having actually been exposed, it is unnec 
essary to measure the dispersion in pulse energy With test 
emission of the pulsed light source, thus presenting an 
advantage that the throughput (productivity) of the exposure 
step can be maintained so as not to decrease. 

Next, Where the exposure dose controller adjusts the 
exposure dose on the photosensitive substrate While the 
pattern of a mask is continuously printed on one shot area on 
the photosensitive substrate by the scanning exposure 
method, the control is carried out during exposure in the shot 
area, Whereby the integrated exposure doses in respective 
shot areas can be readily maintained Within the proper range. 
When the exposure dose controller adjusts the exposure 

dose on the photosensitive substrate in accordance With the 
integrated exposure dose of the last illumination light pulses 
every completion of exposure of one shot area or every 
completion of exposures on some shot areas on the photo 
sensitive substrate by the scanning exposure method, the 
dispersion in integrated exposure doses becomes less 
betWeen shot areas. 

Further, When the exposure dose controller ?nely adjusts 
the pulse energy of each illumination light pulse from the 
pulsed light source, the integrated exposure doses can be 
maintained Within the proper range With higher accuracy. 

In the cases Where the exposure dose controller adjusts the 
number of irradiation pulses given at respective points, for 
example by adjusting the scan velocity, While the points on 
the photosensitive substrate traverse the exposure area by 
the pulsed illumination light in the scan direction, there is an 
advantage that the exposure dose can be largely changed, 
especially When the integrated exposure doses are largely off 
from the target integrated exposure dose. 
When the calculator calculates the integrated light 

amounts under such conditions that the unit pulse number is 
1 and that the number of pulses necessary for supplying the 
proper exposure dose to the photosensitive substrate is N, 
the exposure dose control can be-carried out at the highest 
accuracy. 

Next, according to the second scanning exposure method 
or the second scanning exposure apparatus of the present 
invention, the intensities or light amounts of the continuous 
light are continuously detected, integrated light amounts in 
the last predetermined time are successively calculated as 
the detection values are shifted in unit times (or every 
movement of the mask or the photosensitive substrate by a 
unit distance), and a change in the sequence of integrated 
light amounts is fed back to adjust the exposure dose on the 
photosensitive substrate, for example, by adjusting the trans 
mittance for the continuous light (energy modulation) or 
adjusting the scan velocity. Accordingly, even With an output 
change of the continuous light source in performing expo 
sure by the scanning exposure method using the continuous 
light source, the dispersion in integrated exposure doses 
becomes less for example betWeen shot areas or betWeen 
photosensitive substrates (Wafers etc.), thus presenting an 
advantage that the integrated exposure doses can be readily 
maintained Within the proper range. 

This arrangement also has an advantage that the actually 
integrated exposure doses on the photosensitive substrate 
can be accurately estimated When the integrated light 
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amounts are calculated under such a condition that the 
predetermined time is de?ned as a time for each point on the 
photosensitive substrate to traverse the projection area of 
pattern image in the scan direction. 
What is claimed is: 
1. A scanning exposure apparatus in Which a pattern of a 

mask is transferred onto a substrate, the apparatus compris 
ing: 

an illumination device Which illuminates said mask With 
illumination light pulses, at least part of the illumina 
tion device being disposed in a path of the illumination 
light pulses; 

a scan device functionally connected With the illumination 
device, Which synchronously moves said mask and said 
substrate so that each point on said substrate is irradi 
ated With N light pulses (N being an integer); 

an irradiation energy detector Which successively detects 
energy amounts of respective illumination light pulses 
during scanning exposure, at least part of the irradiation 
energy detector being disposed in the path of the 
illumination light pulses; 

a calculator Which is connected to the irradiation energy 
detector and Which, every time a predetermined num 
ber of light pulses are emitted, successively calculates 
an integrated amount of the N light pulses preceding 
the calculating, using results of detection by said irra 
diation energy detector; and 

an exposure dose controller, connected to the calculator, 
Which adjusts an exposure dose for said substrate, 
based on the integrated amounts calculated by said 
calculator. 

2. The scanning exposure apparatus according to claim 1, 
Wherein said exposure dose controller adjusts the exposure 
dose for said substrate during scanning exposure for one 
shot area on said substrate. 

3. The scanning exposure apparatus according to claim 1, 
Wherein said exposure dose controller adjusts the exposure 
dose for said substrate, in accordance With the integrated 
amount of said preceding N light pulses, for every exposure 
of one shot area or for every exposure of some shot areas on 

said substrate. 
4. The scanning exposure apparatus according to claim 1, 

Wherein said exposure dose controller adjusts pulse energy 
of each illumination light pulse from said pulsed light 
source. 

5. The scanning exposure apparatus according to claim 1, 
Wherein said exposure dose controller adjusts a number of 
illumination light pulses With Which each point on said 
substrate is irradiated While said each point traverses an 
exposure area by said illumination light pulses in a scan 
direction. 

6. The scanning exposure apparatus according to claim 1, 
Wherein said calculator de?nes said predetermined number 
of light pulses as one. 

7. A scanning exposure apparatus in Which a pattern of a 
mask is transferred onto a substrate, the apparatus compris 
ing: 

an illumination device Which illuminates said mask With 
continuous light, at least part of the illumination device 
being disposed in a path of the continuous light; 

a detector Which detects an intensity or light amount of the 
continuous light illuminating said mask, at least part of 
the detector being disposed in the path of the continu 
ous light; 

a calculator Which is connected to the detector and Which, 
for every prescribed time or every movement of said 
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mask or said substrate by a prescribed distance, suc 
cessively calculates an integrated amount in a prede 
termined time preceding the calculating, based on 
results of detection by said detector during scanning 
exposure; and 

an exposure dose controller, connected to the calculator, 
Which adjusts an exposure dose for said substrate in 
accordance With the integrated amounts calculated by 
said calculator. 

8. The scanning exposure apparatus according to claim 7, 
Wherein said predetermined time is a time in Which a certain 
point on said substrate traverses a projection area of a pattern 
image in a scan direction. 

9. A scanning exposure method for transferring a pattern 
of a mask onto a substrate, the method comprising: 

emitting light pulses for exposing each point on said 
substrate With N light pulses (N being an integer); 

obtaining, every time a predetermined number of light 
pulses are emitted during an exposure, integrated 
energy data of the N light pulses preceding the obtain 
ing; and 

adjusting energy of a light pulse With Which said substrate 
is to be irradiated based on the obtained integrated 
energy data. 

10. An exposure method according to claim 9, Wherein 
said predetermined number is one. 

11. An exposure method according to claim 9, Wherein 
said predetermined number is smaller than said integer N. 

12. An exposure method according to claim 9, Wherein 
said adjusting comprises adjusting a voltage applied to a 
Light source for emitting the light pulses. 

13. An exposure method according to claim 9, Wherein 
said adjusting is effected based on plural numbers of the 
obtained integrated energy data. 

14. An exposure method according to claim 9, Wherein 
said obtaining is performed during an exposure of a certain 
shot area, and said adjusting is performed for a shot area to 
be exposed next. 

15. An exposure method according to claim 9, Wherein 
said obtaining and said adjusting are performed during the 
exposure of a same one shot area. 

16. A method for making a scanning exposure apparatus 
in Which a pattern of a ?rst object is transferred onto a 
second object While moving the ?rst object and the second 
object synchronously, the method comprising: 

providing a light source Which emits light pulses for 
exposing each point on the second Object With N light 
pulses during scanning exposure (N being an integer); 

providing a detecting system Which detects energy infor 
mation of respective light pulses during the scanning 
exposure, at leapt part of the detecting system being 
disposed in a path of the light pulses; and 

providing a calculator Which is connected to said detect 
ing system and Which, every time a predetermined 
number of light pulses are emitted, calculates inte 
grated energy data of the N light pulses preceding the 
calculating, based on the energy information detected 
by the detecting system. 

17. A method according to claim 16, Wherein said prede 
termined number is one. 

18. A method according to claim 16, Wherein said calcu 
lator calculates average energy of light pulses emitted during 
a scanning exposure, based on the energy information 
detected by the detecting system. 

19. A scanning exposure method Wherein an object and a 
pulsed exposure beam are moved relatively for scanning 
exposure of the object, comprising: 
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emitting beam pulses for exposing each point on said 

object With N beam pulses (N being an integer); 
carrying out, every time a predetermined number of beam 

pulses are emitted during the scanning exposure, a 
calculation by using energy data of the N beam pulses 
preceding the carrying out; and 

adjusting an energy of the pulsed beam With Which said 
object is to be irradiated based on the result of the 
calculation. 

20. A method according to claim 19, Wherein said prede 
termined number is one. 

21. A method according to claim 19, Wherein said calcu 
lation includes calculation of integrated data of the N beam 
pulses. 

22. Amethod according to claim 19, Wherein said opera 
tion and said energy adjusting are performed during the 
scanning exposure of one of a plurality of shot areas on said 
object. 

23. A method according to claim 19, Wherein said adjust 
ing is performed every time the pulsed beam is emitted 
during said scanning exposure. 

24. A method according to claim 19, Wherein said adjust 
ing includes adjusting a voltage applied to a beam source 
from Which the beam pulses are emitted. 

25. A method according to claim 19, Wherein said adjust 
ing is performed such that the folloWing condition is met: 

v: a velocity of movement of said object; 
D: a Width in the direction of movement of said object, of 

an area illuminated With said pulsed beam; 
f: a frequency of the pulsed beam. 
26. A method according to claim 25, Wherein intensity 

distribution in the direction of movement of said object, of 
the pulsed beam radiated to the object has a slope portion at 
its edge, and said D is de?ned by a predetermined intensity 
level at said slope portion. 

27. A method according to claim 26, Wherein said prede 
termined intensity is about half the maximum intensity in 
said intensity distribution. 

28. Amethod according to claim 19, Wherein the folloW 
ing condition is satis?ed: 

N 2N”, 

Wherein Nmin is the minimum beam pulse number that is 
required for suppressing an error of integrated exposure dose 
for said object to a predetermined alloWable range. 

29. A method for manufacturing a device Which uses a 
method according to claim 19. 

30. A method for controlling a laser system Which emits 
pulsed beam for scanning exposure of an object, comprising: 

emitting beam pulses, from said laser system, for expos 
ing each point on said object With N beam pulses (N 
being an integer); 

carrying out, every time a predetermined number of beam 
pulses are emitted during the scanning exposure, a 
calculation by using energy data of the N beam pulses 
preceding the carrying out; and 

adjusting an energy of the pulsed beam to be emitted from 
said laser system based on the result of calculation. 

31. A method according to claim 30, Wherein said prede 
termined number is one. 

32. A method according to claim 30, Wherein said calcu 
lation includes calculation of integrated data of the N beam 
pulses. 



6,154,270 
19 

33. A method according to claim 30, wherein said calcu 
lation and said energy adjusting are performed during the 
scanning exposure of one of a plurality of shot areas on said 
object. 

34. A method according to claim 30, Wherein said adjust 
ing is performed every time the pulsed beam is emitted from 
said laser system during said scanning exposure. 

35. A method according to claim 30, Wherein said adjust 
ing is performed such that the folloWing condition is met: 

Wherein 

v: a velocity of movement of said object; 

10 

D: a Width in the direction of movement of said object of 15 
an area illuminated With said pulsed beam; 

f: a frequency of the pulsed beam. 
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36. A method according to claim 35, Wherein intensity 

distribution in the direction of movement of said object, of 
the pulsed beam radiated to the object has a slope portion at 
its edge, and said D in de?ned by a predetermined intensity 
level at said slope portion. 

37. A method according to claim 36, Wherein said prede 
termined intensity is about half the maXimum intensity in 
said intensity distribution. 

38. A method according to claim 30, Wherein the folloW 
ing condition is satis?ed: 

: min 

Wherein Nmin is the minimum beam pulse number that in 
required for suppressing an error of integrated exposure dose 
for said object to a predetermined alloWable range. 

* * * * * 


